Technology and innovation are essential for students to not only learn and understand the technical skills, but also identify a problem, discover a solution, and communicate the value proposition. In this study, innovation-thinking frameworks were integrated into undergraduate transdisciplinary engineering and technology classrooms with a topic of food science and technology, exploring design within the area of new product development. The qualitative analysis, conducted using NVivo, indicated that the food science and technology focused educational experiences had the potential of transforming student self-reported perspectives related to metacognitive reflection, connecting the topics to the real-world and communicating. The findings offer exciting insights into the benefit of integrating self-regulated learning, visualization, and communication technology into future food-related education programs.
Introduction
Engineers and technologists play a critical role in the economy by addressing pressing problems and creating solutions that are new and innovative, and requires collaboration and communication. It is a role that involves technical skills but also requires curiosity, an ability to connect pieces of knowledge to discover solutions, and communicate a focus on value creation-which are all characteristic of innovation-thinking frameworks such as entrepreneurial-minded learning (Bosman & Fernhaber, 2018) , systems thinking (Seddon & Caulkin, 2007) , design thinking (Brown, 2009) , value proposition canvas (Osterwalder, Pigneur, Bernarda, & Smith, 2014) , and business model canvas (Osterwalder & Pigneur, 2010) . These innovation-thinking frameworks are applicable for both start-ups and employees working within an organization (Wheadon & Duval-Couetil, 2016) , as they emphasize the development of innovation-thinking among the workforce which allows people to identify and solve problems. Because innovation-thinking develops over time and requires practice, the role of educators is to discover opportunities throughout a student's coursework to infuse this approach into learning (Beiler, 2015) .
One approach to innovation-thinking is through the easily relatable topic of food science and technology. "Food science and technology is the understanding and application of science to satisfy the needs of society for sustainable food quality, safety and security (Campbell-Platt, 2017) ." The benefit of exploring and designing around the theme of food science and technology exists in the transdisciplinary nature of food which covers the gamut of business viability and economic analysis, customer desirability and consumer behaviors, and technical feasibility and prototyping. Furthermore, the visual aspect of innovation-thinking frameworks encourages an increased application of information and communications technology to convey the proposed value proposition clearly. Together, innovation, food, and communication technology are complementary attributes to improve inclusion and equity quotas in the engineering and technology classroom. This paper will explain our unique, yet complementary, dual-course approach to incorporate food science and technology into non-food focused courses, such as the transdisciplinary engineering and technology classroom. The guiding research questions are as follows:
How can innovative teaching methodologies be applied to food science and technology focused learning experiences to improve student learning outcomes? How can food science and technology focused learning experiences encourage students to connect and extend innovation and design frameworks to real-world settings? How can the integration of a communication requirement into food science and focused learning experiences develop skills related to oral, written and visual communication?
Literature review
Benefits associated with food-related education programs
The quantity of food-related education programs has been on the rise due to numerous benefits include the interdisciplinary ability to bring together topics including business, technology, and consumer sciences, to name a few. Cohen (2010) evaluated a cross-disciplinary undergraduate course that integrates design and liberal arts intending to improve the sustainability of the school's food system. The student and faculty evaluations show that the course was effective and helpful in learning about sustainability and urban systems through research, problem-solving, and communication. In addition, ideas and designs developed as part of the course have resulted in real changes made to the university including the campus installation of several water refill stations and campus cafeteria integration of organic and locally sourced food products. Barlett et al. (2008) conducted research on the Piedmont Project, a multidisciplinary faculty professional development program aimed to integrate sustainability and environmental issues (including food science and technology) into the higher education curriculum. Data collected from ninety faculty participants showed an increased awareness of systems thinking, desire to change daily habits, motivation to get more involved in political action, and a value proposition for teaching living systems from a more holistic approach including the natural sciences, social sciences, and humanities. Parr and Trexler (2011) investigated student perceptions related to sustainable agriculture and food sysems (SAFS) education, approaches for integrating student farms into education objectives, and motivation for engaging with student farms. Findings suggest a strong connection to experiential learning theory in that learning was enhanced when the knowledge was co-constructed by learning through both classroom theory and applied fieldwork. As a result of the study, an SAFS faculty, staff, and student community of practice was formed to increase co-construction of knowledge at the farms and throughout campus. Galt, Clark, and Parr (2016) investigated a valuesbased pedagogical approach in the context of sustainable agriculture and food systems (SAFS) for its curriculum design and teaching. The authors suggest three key areas drive value creation including views on SAFS governance, the ability to form learning opportunities, and the role an individual plays within the learning environment. Findings suggest that values can be used as a guiding learning element to promote participatory dialogue, increase awareness around personal thought and use of language, and facilitate agency and empowerment towards civic action. Clark and Button (2011) explored a transdisciplinary methodology of integrating science, arts and aesthetics into sustainability education through university student engagement with the local community. The findings show that the project left participants with a newfound desire for eco-justice, developing sustainable societies, and taking action. Galt et al. (2013) developed and evaluate a new course as part of the SAFS major at University of California Davis. The authors provided an overview of the curriculum (e.g., lectures, assignments, labs, exams, etc…), showing how it relates to student-centered inquiry and social constructivist learning theory. The results demonstrate that the students increased their learning through the inquiry process, and the reflective essays played an important role in reinforcing learning and allowing for instructors to understand the students' perceived learning.
Challenges associated with food-related education programs
Providing food-related education programs does not come without challenges. Valley, Wittman, Jordan, Ahmed, and Galt (2018) conducted research categorizing pedagogical approaches to sustainable food system education programs. Findings indicate there are limited best practices and critical analysis related to curriculum design and teaching within these types of programs. Berger, Scott, Axe, and Hawkins (2013) assessed the learning outcomes associated with global challenges related to health, hunger, and humanity. The authors uncovered that additional administrative support is required to effectively design and implement courses that would involve more faculty and advance the college's mission. Barlett (2011) evaluated the campus sustainable food projects according to four key factors: purchasing goals, academic programs, direct marketing, and experiential learning. The evaluation shows that the project requires increased long-term and institutional commitment, where efforts are provided beyond the classroom. Burley et al. (2016) conducted a project through a graduate seminar in sociology to help the undergraduate student organization change the university cafeteria by providing local and sustainably produced food. The authors faced challenges with resistance from the university's corporate food vendor. Grossman et al. (2012) analyzed the student response from pre-and post-service and their interactions with the diverse and economically disadvantaged populations from a pilot program, the Community Food Security Scholars. The results showed that when a service-learning program was implemented, the students face the challenges of responsibility and support, and often ended up with community-blaming tendencies. Brundiers, Wiek, and Redman (2010) investigated the development and deployment of competency-based education in academic sustainability programs. The authors found that the students faced difficulties of connecting competencies to the real-world learning opportunities.
Recommendations for developing food-related education programs
Due to the many benefits associated with food-related education programs, researchers have offered many recommendations to overcome the associated challenges and barriers. Brekken, Peterson, King, and Conner (2018) proposed a new framework for a food system course that focuses on five different learning activities, each of which are animated with the examples. The authors found that by practicing the change of cultural and institutional norms from the collaboration of multiple universities, students' expectations on the education and their roles in entering the world problems in the food system increase. Sibbel (2009) conducted a study aimed to overcome the challenges of aligning higher education with sustainability. The findings demonstrate that a minimum level of institutional support is required to achieve sustainability at higher education. Burns (2011) proposed a model of sustainability pedagogy in the context of five key perspectives including content, perspective, process, context, and design. The model shows that its pedagogy can bring a change in the system of sustainability program by producing transformative learning experiences. Jacobsen et al. (2012) assessed the development of a new sustainable agriculture undergraduate major and minor degrees at the land-grant universities. From the results, the authors suggested that faculty, staff, and students needed to be key players in this program development in order to meet the changes in agricultural paradigm. Clark, Byker, Niewolny, and Helms (2013) investigated the development of the interdisciplinary minor in Civic Agriculture and Food Systems at Virginia Tech, which aimed to respond to student interest in sustainable agriculture education. The results show that the program needed to be interdisciplinary, values-based, and experiential in order to advance at the higher education level. Kolodinsky, Fukagawa, Roche, Belliveau, and Johnson (2016) evaluated a transdisciplinary food systems initiative and found a more holistic level of academic support was required to make the project a success. LaCharite (2016) explored different campus agriculture projects in the U.S. in terms of diversity in their characteristics and objectives. The author found that more research on understanding the curricular learning objectives and outcomes was needed to expand agriculture-based education beyond its traditional degrees at the universities.
Summary
In summary, food-related education programs are on the rise, in addition to research evaluating the associated benefits and challenges. The purpose of this paper is to add to the body of knowledge, highlighting the integrating of innovating-thinking frameworks as a means to apply a greater focus on information and communications technology . Consistent with other programs offered through the university, each degree requires students to complete a total of 120 credits of which about one-third are general education credits. The remaining two-thirds are split between core credits and free credits. For the core credits, students are required to complete a Design-Studio course and ePortfolio course each semester. For the free credits, students enrolled in the BS-TST major can select any courses from across the university, while the students enrolled in the BS-TSET major are limited to courses offered through the School of Engineering Technology. This approach to education allows students to integrate a variety of disciplines from humanities to technology and approach problem-solving from a more holistic and human-centered perspective. Each semester, the students get to experience learning from a variety of themes including Play, Transportation, Renewable Energy, to name a few. In Fall 2018, the theme was Food.
Study design
The Fall 2018 Design-Studio course explored food science and technology through three different topic areas including food evolution, the food supply chain, and food waste. The course was project-based, and each topic resulted in the creation of a technology-integrated artifact. The learning approach included guest lectures from other departments, field trips, and discussions of assigned readings. For the first topic students were introduced to an evolution of food science and technology. Content included the science behind cooking, genetically modified organisms (GMOs) and innovations in kitchen equipment. Students read Taste by Barb Stucky and 101 Things I learned in Culinary School by Louis Eguaras. In this first topic, a faculty member from the School of Engineering Technology provided several guest lectures on milling and molding. In addition, students had the opportunity to participate in sensory tests and cooking experiments through a field trip to the campus Department of Food Science labs. At the end of the topic, students were required to design and prototype a piece of cooking equipment by using computer-aided design (CAD).
The second topic focused on how the supply chain of food industry worked on the distribution of products. Faculty members from the Department of Technology Leadership and Innovation, and the Department of Entomology joined the classroom as guest lecturers. In addition, students participated in field trips to a local farm and campus Department of Entomology labs. Students actively engaged in the "Water Game" by using SAP software. During this simulation, student teams finalized and revised the price and stock of the water bottles for sale in an attempt to maximize profit.
The third topic was focused on food insecurity in the context of consumption and waste. Students discussed case studies during a guest lecturer from the campus research park. Also, students engaged in multiple reading discussions based on the books including American Wasteland by Jonathan Bloom and Word of Mouth by Andy Sernovitz. As a final project, students were grouped up to create an "Assistive Planter," a small-scale technology-integrated ecosystem that utilized the efficiency of the plant growth and conservation.
The Fall 2018 ePortfolio course had two main components. One component was a learning experience aimed to assist students with developing an elevator pitch, highlighting students' individualized value they have to offer employers and techniques for delivering this well-known approach to quickly communicating with potential future employers. The other component guided students through the self-regulated learning process using the context of food science and technology. At the beginning of the semester, students were given a design challenge: "How might University students, faculty, staff, and visitors better access healthy and affordable food?". The students participated in a series of four scaffold modules (visually shown in Fig. 1 to enunciate the "scaffold" nature of the project where each framework builds on the next): (1) Systems Thinking, (2) Design Thinking, (3) Problem solving, and (4) Entrepreneurial Thinking. This scaffold and funnel approach to design and innovation was intentionally applied to guide students from a (a) big picture, endless problems, system's level perspective to (b) problem-solution fit exploration to (c) problem-solution fit identification to (d) commercializing a solution. Each module included a human-based design activity incorporating a new framework (visually shown in Fig. 2 to reference the specific framework used) and information obtained from interviewing other potential customers. Also, each module required students to submit a five-page reflection responding to a set of self-regulated learning reflection prompts.
Participants
All participants were enrolled full-time at a research-intensive university located in the Midwest, U.S.A. Students enrolled in the Design-Studio and ePortfolio courses were required to participate in the research as part of their assignment. Ten students participated in the study, including five females and five males. Both courses were vertically integrated, where students across all grade levels enroll in the class. Three of the participants were freshmen and new to the university, three were sophomore level students, three were junior level students and one was a senior level student. The study design was approved by the university Institutional Review Board (IRB) #1808020877 as Exempt Category (1). As a result, students were notified that the class assignment would be used for research purposes.
Data collection
Two different research instruments were used including (1) pre-and post-philosophy of learning statements and (2) reflection prompts.
Pre-and post-philosophy of learning statements
This instrument collected data responding to the research question: How can innovative teaching methodologies be applied to food science and technology focused learning experiences to improve student learning outcomes? Before starting coursework (for both the Design-Studio and ePortfolio courses) and at the end of the semester, students completed a pre-and post-philosophy of learning statement. The open-ended survey questions are provided here. 
Reflection prompts
This instrument collected data responding to the research questions: How can food science and technology focused learning experiences encourage students to connect and extend innovation and design frameworks to real-world settings? How can the integration of a communication requirement into food science and focused learning experiences develop skills related to oral, written and visual communication?
Throughout the semester, students were required to submit four essays (minimum of 5 pages in length, double spaced, Times Roman Numeral 12 pt. font) responding to reflection prompts linked to innovation and technology frameworks including systems thinking, design thinking, value proposition canvas, and business model canvas. Example reflection prompts are provided here:
1. Prior to starting the assignment, identify your strengths and weaknesses with respect to assessing the task (your ability to complete the three steps within a timely manner). Provide evidence and justification to support the identified strengths and weaknesses. 2. What did you learn about your ability to self-assess? What did you learn about the assignment topic? What did you learn about yourself in comparison to your peers? Did you increase a level of competence for a concept or skill? 3. Assume you are given a similar assignment again in the future [by your employer], describe how you might approach the task differently to improve upon your learning 
Data analysis
This study followed a qualitative approach using thematic analysis. According to Braun and Clarke (2006) , a thematic analysis is a foundational qualitative method for discovering patterns within the data. It should be conducted using a step by step process. The researchers first became thoroughly familiar with the data to generate initial codes using NVivo12 qualitative analysis software. Upon the completion of coding, themes were generated. As a final step, the researchers revised the themes and wrote the report. The researchers debated the strengths and weaknesses between strictly conceptualizing themes without quotes and heavily using quotes to provide readers with evidence. It was decided to merge the two philosophies and meet in the middle. Quotes were drawn from the data to allow readers to make their own judgements on credibility, accuracy, and fairness (Corden & Sainsbury, 2006) .
Results
A summary of the results are provided in Table 1 and detailed results are provided in the remainder of this section.
Pre-and post-philosophy of learning statements
Analysis of the pre-and post-philosophy of learning statements revealed a variety of themes between the pre-and post-statements, in addition to noteworthy differences between the pre-and post-statements.
Learning perspective: weaknesses (pre) vs. strengths (post)
Before participating in the food science and technology focused educational experience, students generally reported to primarily assess the ability to complete the learning experience from a deficits perspective with a particular focus on identifying challenges and personal weaknesses. However, after completing the food science and technology focused educational experience, students generally reported to primarily assess the ability to complete the learning experience from a strengths perspective with a particular focus on learning from past experiences. Example responses are as follows: Pre-participation I typically first take a look at any obstacles that might stand in my way or prevent me from completing it on time. I look at the parts that I don't fully understand and do my best to learn about those different aspects.
I compare what is required within the task to my strengths and weaknesses. Once I see where my reach falls I attack my weaknesses with respect to accomplish the task and while doing so build on my strengths. I hypothesize that this methodology with eventually eliminate my weaknesses.
While there are usually barriers with any opportunity, I do my best to overcome these. I believe things I do now could be beneficial to my future so I will try to get by these barriers to be able to learn. Even if there are barriers present, I try to work with them.
Post-participation
I tend to look at the learning opportunity and asses what I would be best at first. That being said, I play to my strengths when I can. -Before participating in the learning experience, students generally reported to primarily assess the ability to complete the learning experience from a deficits perspective with a particular focus on identifying challenges and personal weaknesses. -After completing the learning experience, students generally reported to primarily assess the ability to complete the learning experience from a strengths perspective with a particular focus on learning from past experiences. -Before participating in the learning experience, students generally reported a "no" or "maybe" perspective on approaching future learning in an alternative way. -After completing the learning experience, students generally responded positively to approaching future learning experiences in an alternative way.
Commonalities: Limited Difference Between Pre and Post
-Both before and after, students reported on the need to assess time availability and the benefit of chunking out tasks. -Both before and after, students reported on a preferred learning style. However, this learning style varied from one student to the next.
Reflection Prompts
4.2.1 Workplace Connections -Throughout the essays, students were able to connect the artifact development and reflection assignment to what they perceive employers are looking for in the workplace.
Importance of Communication
-Throughout the essays, students were able to demonstrate a newfound recognition around the importance of oral, written and visual communication.
Communication Technology Skill Development
-Throughout the essays, students were able to explain self-perceived skill development related to written and visual communication technologies. (2019) Value of learning: all learning is worth it (pre) vs. value of learning depends (post)
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Before participating in the food science and technology focused educational experience, students generally reported a whimsical, open-minded and optimistic perspective that all learning was "worth it". However, after completing the food science and technology focused educational experience, students generally reported a more realistic approach to learning valuation which aligns to practical and future applications. Example responses are as follows: Pre-participation
Any knowledge gained has the potential to be "worth learning". Anything is worth learning. It's always worth learning. Always. I believe in being well rounded so all new information can be useful. Everything is worth learning. In my opinion, almost everything is worth learning, for good or bad. In my opinion, learning is always worth it. Every piece of information is meaningful, especially in a classroom setting.
Post-participation
This allowed me to look back on what I had learned and relate it to my current life and future. All knowledge is important except for the knowledge you will never use again. If it's something I can do again, and will do again. I also tend to evaluate whether something was worth learning based on the amount of time and effort I put into it compared to the learning or experience I gained from it. This allowed me to look back on what I had learned and relate it to my current life and future. At the end of a project, I think about what information I now know vs what I knew in the beginning of the project. If there isn't too much new or revealing information at the end of the project that would have drastically influenced it in the beginning, then I would probably refer to it as a job instead of a learning experience.
Approach to similar learning experiences: no difference (pre) vs. alternative way (post)
Between pre-and post-responses, students had varied perspectives on how they might approach similar learning experiences differently. Prior to participating in the food science and technology focused educational experience, students generally reported a "no" or "maybe" perspective on approaching future learning in an alternative way. After completing the food science and technology focused educational experience, students generally responded positively to approaching future learning experiences in an alternative way. Example responses are as follows:
Pre-participation
Alot of times if it bores me or I pawn [learning] off as not useful, I don't put in a lot of effort, but could find out later it's more important than I might have first imagined. I would not overload myself. I try to do too many things at once and sleep is often what suffers. I will focus on learning but can only do so much at once. If I was to participate in a learning experience again I would approach it the same way. Maybe, I'm pretty confident in my learning style. I don't really know. I might try to look for improvements. No I wouldn't. I went it with an open mind and learned as much as I could and believe I benefited greatly from it. I believe going into it with an open mind helped increased how much I learned. I think I would try to approach everything the same way. I think being consistent is very important, especially when it comes to learning. Whether it is consistent practice or consistent review.
Post-participation
I would improve this learning experience by trying to outright incorporate some of my other experiences. I have done many projects and assignments and can apply them to a broad base of topics and competencies. I would also have completed the reflections closer to the time of their assignment. I would approach the learning experience in a similar matter, but not the exact way. Obviously, I think any human would do it in a different way. You can't even call it a learning experience if you do the same learning again, then it would just be called an experience. You have to do approach another way or whats the point of the experience in general. My approach would be relative per the assignment, however I would have communicated with the instructors much earlier regarding my preferences and needs on certain things. I would approach the experience in a more hands on light.
Commonalities: limited difference between pre and post
It is important to note the commonality between the pre-and post-responses related to the ability to self-assess. Both before and after, students reported an assessment of time availability and the benefit of chunking out tasks. Examples are as follows:
I use motivation to understand and complete these tasks, and attempt to do this "within a timely manner" by creating a schedule that works through any necessities that come with the assignment or the completion process. This in turn, will allow you to learn the most in the shortest amount of time.
When faced with a learning opportunity being able to not procrastinate helps a lot.
I would break down the tasks into smaller chunks and do it step by step and set an overall timeline with all the deadlines so that I can have a better idea of what I'm dealing with and have an upper hand in facing potential road blocks.
An analysis of comparing and contrasting the pre-to post-responses related to one's overall approach to learning resulted in limited differences. There were some noteworthy similarities between the pre-and post-responses related to a general variety towards a preferred learning style. Examples are as follows:
When presented with a new topic I take notes on the most important things said that day. I then go home and read it over a couple of times. I learn best by watching as well as doing so if there is a way to learn by either of those methods that is how I will approach the less understood topic. I really try to learn the curve of something before I go into it. To me, it's a lot of talking with others who already went through it. I learn through hands on experience and projects to have a better understanding of the subject matter. I am a very interactive learner. I like to experience what I learn. To assist in understanding, [I like] explaining and eventually share/teach the content. I like to learn through hands-on experience, discussion, and with a focus on interesting topics. Also the reflections after each skill helped me go back and reevaluate what I had learned. I know my approach to learning is and has always been visual related. I learn quickly and best with colors and designs incorporated in the technical information.
Reflection prompts
Throughout the semester, students were required to submit four essays responding to reflection prompts linked to learning activities related to the innovation and technology frameworks. Analysis of the essays produced in response to the reflection prompts revealed three key themes: (1) workplace connections, (2) importance of communication, and (3) communication technology skill development.
Workplace connections
Throughout the essays, students were able to connect the artifact development and reflection assignment to what they perceive employers are looking for in the workplace. Example responses are as follows:
The ability to comprehensively problem-solve and ask inquisitive and properly-pointed questions is instrumental in every field one can work. Ideally, I will one day wind up working in the field of conflict, so both of these skills will be needed an incredible amount. In such a high-stress environment as conflict (specifically disaster situations), it would be foolish to send someone not a master in both skills.
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If I found a career in animation, I may need to use systems thinking to decide the best way to develop a new movie or television show that would appeal to viewers of the targeted archetype. If I make myself a highly proficient systems thinking designer, I could find opportunities in a process, schedule, or hierarchy to save my employer time, money, and/or make it all safer. Those three improvements are achievable without any modifications to an existing product, which compounds the added value. If I were to find my future in marketing, I would most likely have to use systems thinking to develop a convincing advertising campaign by presenting why people need things, and how these things would help.
Importance of communication
Throughout the essays, students were able to demonstrate a newfound recognition around the importance of oral, written and visual communication. Example responses are as follows:
[This canvas] allows us to plan ahead and make sure our needs are met before we spend money, time, and other valuable resources. It is a lot simpler to ask your archetype, partners, or boss what they suggest before building a prototype. If a relationship system has all the resources and support in the world, but no communication, it will smother and die. As if humans, engineers for that matter, didn't have enough problems communicating, try to contemplate the ideation of a new technology, that only you have seen or in your mind, and it must be conveyed. Even though I have conducted interviews before, I still did have anxiety about the process. It was a little intimidating to me. I think I will always have some anxiety talking to people about my ideas, but I am better-versed in the process, which I thought would make this assignment slightly easier. While the information is what's important, it is also important to have an attractive canvas that is clean and easy to look at. One of the most important things I took from this was the discomfort I had to present my ideas. I understand this is a real world skill and that it is very necessary to use in the work world, but I struggled with it. I did not want to present myself that way with false flattery or the promise of something, like money or food, in return for feedback. I learned I would much rather slip my idea into conversation and ask for an honest opinion on it with nothing in return. I will have to develop this skill in the future; it is something I will have to work on. Filling out my Business Model Canvas after the interviews, I regained my appreciation for why we do user interviews. I immediately saw where my classmates, teachers and neighbors and I agreed and where our opinions strayed. Within this assignment, I do not believe I mastered inquiry, but I do believe it opened my eyes in that asking surface-area questions are not the only action that can be taken when it comes to interviewing a subject. There are always deeper questions to ask.
Whenever I see a problem with multiple different directions I will layout the details in a input, processing, and output with feedback tree. This will help me scope the problem and make my most informed decision. The next time that I need to design something for class I will make sure to include as much user interaction as possible. While doing the project, I regretted not asking more through and expansive questions. I should have asked for more elaboration on answers so I had more data and knowledge to work with. Next time I have to talk with someone for a project of assignment, I will be sure to use my time wisely and discuss as much as possible. Working in a team allows many different perspectives and viewpoints to come together to solve one complex problem, but in order to be successful you need to be able to listen to feedback and implement the feedback into your solution. I learned that I struggled with asking the right questions as I felt my partner did this better than I did. I also observed how they were asking the questions and used that to ask them questions later in the process. That was more productive. In this way, I believe I did improve my ability to be a better design thinker and ask better questions allowing me to get closer to the solution. I also learned that the variation in visual interpretation is similar to the multiple variants of quantitative data and, similarly, professional preference and variation have a huge influence in the industry standard.
Communication technology skill development
Throughout the essays, students were able to explain self-perceived skill development related to written and visual communication technologies. Example responses are as follows:
After this assignment, I think I did learn how to step up graphics in an assignment and learned how to add just a few small touches that take the assignment up a level. While completing the assignment I struggled a bit with the way Powerpoint layouts are used. However, I saw that when I tried to center objects, Powerpoint has the snap in to place vertical and horizontal rulers which was much appreciated. I learned a lot of new keyboard shortcuts when making my layouts which was very fun. I know that I am not the best person for visual design, at least not with an online platform. I feel as though this assignment helped to increase my level of design in things such as this presentation, and my ability to summarize info to the bare minimum. Pdf's are a good way of saving visual representations because formatting stays consistent across viewing platforms. If I really wanted to prove value of myself, I would step out of the comfort zone. I would attempt to utilize a different software that I am not as comfortable with to improve my level of proficiencies when it comes to creating a simple chart. I felt that I built my graphics and design skills through some trial and error. 
Discussion
Analysis of the pre-and post-philosophy of learning statements and reflection prompts indicate that the food science and technology focused educational experiences had the potential of transforming their self-reported perspectives related to self-regulated learning, connecting the topics to the real-world and communicating. Through this two-course learning experiences, students recognized new weaknesses and strengths, understood the values of learning and reflected on themselves for future improvements. In general, students shifted their perspective from the focus on weaknesses to the focus on strengths, acknowledged the values of more practical and applicable learning experiences, and became positive about approaching future learning experiences in an alternative way.
How can innovative teaching methodologies be applied to food science and technology focused learning experiences to improve student learning outcomes?
In summary, prior to learning the students believed that all learning was worth it, displayed a greater focus on their weaknesses when developing a plan of attack for assignments, and suggested and overall confidence in their current approach to learning. However, after the learning experience, students portrayed a more realistic notion of the value related to learning, communicated an increased awareness of focusing on strengths when developing a plan of attack for assignments, and indicated a greater openness to trying things differently with respect to their approach to learning. In general, these findings are not particularly surprising and are consistent with the literature related to the benefits of integrating self-regulated learning into the classroom (Ambrose, Bridges, Lovett, DiPietro, & Norman, 2010) .
How can food science and technology focused learning experiences encourage students to connect and extend innovation and design frameworks to real-world settings?
The overall theme of workplace connections attributed to the students' ability to translate how the assignments might assist them in the real-world. In general, the students were very specific about identifying their future career path (e.g., marketing, animation, systems design engineer) and implications for applying lessons learned in the specific career path. Thinking about one's self as a future marketing professional, for example, is similar to the research around visualization which has been significantly studied in sports. In training for and completing a marathon, visualization and mental preparation is critical and increases the likelihood of success. Similarly, when a student can visualize him or herself in an actual job and mentally integrate classroom topics into that particular job, it has the potential to increase persistence and completion of the degree. The notion of visualization has been studied within the career counseling field (Hansen, 2003) , however, the literature is limited to higher education.
How can the integration of a communication requirement into food science and focused learning experiences develop skills related to oral, written and visual communication?
In general, students acknowledged the importance and benefits of communication; in addition, students reported skill development gains with communication-related 
Conclusions

Summary and contributions
The purpose of this study is to respond to the following research questions:
Innovation-thinking plays a vital role for students to not only learn and understand the technical skills, but also identify a problem, discover a solution, and communicate the value proposition. In this study, innovation-thinking frameworks were integrated into transdisciplinary engineering and technology classrooms with a topic of food science and technology, exploring design within the context of food science and technology. In summary, the pre-and post-philosophy of learning statements and reflection prompts, offer interesting insights into the benefit of integrating self-regulated learning, visualization, and communication technology into future food-related education programs. This paper makes several contributions. First, it provides an example of how the topic of food science and technology can be integrated into a non-food focused design course. Furthermore, as summarized in Table 1 , this approach results in positive outcomes demonstrating the potential of transforming student self-reported perspectives related to self-regulated learning, connecting the topics to the real-world and communicating. Second, it provides an example of how instructors can work together towards a complimentary two-course learning experience in food science and technology. Given the holistic and transdisciplinary nature of food science and technology, this topic lends itself to collaborative works across many different types of courses. Third, the scaffold approach to innovation and new product development was intentionally applied to guide students from (a) System's Thinking -big picture, holistic perspective to (b) Design Thinking -human-centered approach to problem solving to (c) Problem-Market Fit Analysis -value proposition identification, connecting customer needs to features of the product bundle to (d) Business Model Development -identifying and evaluating key abilities required to support bringing a new product to market. This approach allowed students to recognize why the learning activity was important outside of the classroom particularly in relation to workforce preparation and securing future employment.
Lessons learned and recommendations for other educators
It is important to note a few challenges faced throughout the semester. Due to the transdisciplinary nature of the students, it was difficult to align course learning outcomes with the particular interests related to all student backgrounds. In the end, it was decided to offer the courses with a variety of topics from basic food science and evolution of food crossing the gamut from humanities to technologies. It was evident that some students were more interested in technology-focused topics and others were more interested in humanities-focused topics. For example, some students had a greater appreciation for the humanities portion of the class which focused on identifying and discussing examples of cultural and regional-focused cooking equipment. However, these same students appeared to be overwhelmed during the technology portion of the class which introduced new techniques of molding and milling to showcase the process of manufacturing cooking equipment. In the future, we recommend offering options and student choice concerning topics and projects covered in the course. Allowing student choice would likely promote increased engagement and motivation to learn throughout the semester. Another challenge experienced by the instructors was related to group work. For example, students were divided into two groups of five for the last project which including both a humanities and technology-focused component. It was the intention of the project that all students would work together towards the completion of the required project learning outcomes. Students were supposed to read an entire textbook chosen by the group and identify a problem related to food insecurity, and finally, explore a design of small-scale automated plant growing system to tackle the identified problem. However, instead of completing the project as a group, students with a stronger humanities background read the textbook and identified the problem, and students with a stronger technology background designed and programmed the electromechanical system. In the future, we recommend offering more tutoring and instructor availability to provide one-on-one support to students who may have limited skills within a specific area.
Recommendations for future research
It is important to note potential limitations of the study. First, the small class sizes, although typical of this program, may limit the generalizability of the results. Additionally, the study was deployed at a single university with a unique bachelor's degree program in transdisciplinary studies. Although many multi-, inter-, and transdisciplinary programs often have similar characteristics, investigating food-related education within the context of a non-standard academic program may limit the generalizability of the results. Thus, future research should be conducted to further validate the study for reliability and repeatability; this could be done by implementing a similar intervention with more students and classes (e.g., increase the sample size), across various engineering and technology programs and courses, and implemented at different universities. Furthermore, future work should continue to investigate how food-related education can be used within multi-, inter-, and transdisciplinary programs to improve self-regulated learning, visualization, and exposure and skill development with information and communication technologies. Finally, future research should explore a variety of assessment and evaluation approaches including a student satisfaction survey and different reflection prompts, to name a few; and future research should explore different course designs and food topic areas.
Implications
Although our focus was on increasing student awareness and application of innovation-thinking frameworks within the context of food science and technology, we are confident that the topic of food would likely be successful outside of the technology and design-focused classroom. Thus, at other institutions, we recommend that faculty consider the use of food as a context which can be easily incorporated into other disciplines and topic areas, such as natural sciences, social sciences, and humanities faculty, to name a few other disciplines. Furthermore, we are optimistic that the findings provide relevance for integrating information and communications technologies into the student higher education experience, and extending practicality beyond the curricular classroom to other extracurricular experiences including seminars, workshops, and student research experiences.
